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PRESSURE AVAILABLE FOR COOLING WITH COWLING FLAPS

By Georee W. Stickrr, IRVEN NatuaN, and Jox L. CrieLER

SUMMARY

A full-scale investigation has been conducted in the
NACA 20-foot tunnel to determine the pressure dif-
ference available for cooling with cowling flaps. The
Aaps were applied to an exit slot of smooth contour at 0°
flap angle. Flap angles of 0°, 16°, and 80° were tested.
Two propellers were used; propeller C' has conventional
round blade shanks and propeller F has airfoil sections
extending closer to the hub.

The pressure available for cooling is shown to be a
direct function of the thrust disk-loading coefficient of
the propeller. The mazimum suciion obfained with a
cowling flap set at 30°, located in a region where the static
pressure for the 0° flap position 1is equal to that of the
free air stream, i¢ shown fo be equal to approximately one-
half the average total pressure of the air stream; the total
pressure 18 given by the sum of the dynamic pressure and
the thrust loading. The total pressure in front of the
cowling 18 critically dependent on the ratio of the front
opening to the propeller diameter for propeller C. Propel-
ler F gave a higher total pressure in front of the cowling.

For the take-off condition, it was found that (1) with
the 0° flap, propeller C produced only one-half as much
avatlable cooling pressure as propeller F; (2) with the
30° flap, propeller C produced an arvailable cooling pres-
sure three times as large as was oblained with the 0° flap
and propeller F produced a pressure difference twice
that obtained with the 0° flap; and (8) with the 30° flap
and a conductance of 0.118, the pressure drop across the
baffle plate with propeller C was 8.17 and with propeller
F was 4.85 times the dynamic pressure of the air stream.

INTRODUCTION

The NACA in 1985 conducted an extensive cowling
investigation (references 1, 2, and 3) to furnish infor-
mation in regard to the cowling and cooling of airplane
engines under all operating conditions. The investiga-
tion showed the effect of different nose forms, skirts,
flaps, spinners, and propellers on the efficiency of the
engine-cowling combinations and on the available
pressure difference for cooling the engine. The chief
emphasis in this investigation was on the fitting of all
the variables into a rational analysis of the cowling and
cooling problem. A smooth contour line for the skirt
design was found to be a primary requirement. The
earlier tests on cowling flaps were confined to a single
series of a design typical of those in use on airplanes at

that time. The present report is an extension of the
investigation of cowling flaps in which the flap has been
applied to & smooth-contour exit-slot. design. The
results include tests with two full-scale, three-blade,
adjustable propellers. One propeller has conventional
round blade shanks and the other propeller has the
airfoil sections extending closer to the propeller hub.

SYMBOLS

A, area of exit slot
D diameter of propeller; drag
AD increase of drag when air flows through cowling
Cp estimated drag coefficient (D/gF)
ACp increase in drag coefficient due to passage of
cooling air (AD/qF)
Cr thrust coefficient (T/pn2D*)
+  F projected frontal ares of nacelle
' Hp total pressure behind propeller
H increase in total pressure produced by propeller
K conductance of engine or baffle plate
K, conductance of exit slot (4./F)
P power input to propeller
P, power disk-loading coefficient (P/gST1")
p static pressure on surface of cowling referred to
static pressure of free air stream
Py static pressure of free air stream
ps pressure in front of engine or baffle
P, pressure in rear of engine or baffle _
Ap pressure drop across engine or baffle plate
@rp2 '
AP pressure difference available for pumping air
g dynamic pressure of air stream (¥oV?)
@ volume of air flowing through cowling per second
R net force on thrust belance of propeller-nacelle
unit
S disk area of propeller
T thrust of propeller (R4 D)
T, thrust disk-loading coefficient (T/gS)
V" velocity of air stream '
z fractional radius of propeller
B blade-angle setting of propeller at 0.75 radius
n propulsive efficiency of propeller (T./P.) o
7. net efficiency of propeller-nacelle unit (RV/P)
1o Det efficiency of propeller-nacelle unit with no
air flow through cowling and exit closed
1, pump efficiency of cowling
p mass density of air _
283



284

ANALYSIS OF THE PROBLEM

The pumping action of the cowling is dependent on
the pressure difference between the entrance and the
exit of the cowling. For the condition of high-speed
flight, the forward velocity of the airplane produces
most of this pressure difference; the cooling problem is
therefore ususlly easy and interest is centered largely

at

F1GuRE 1.—Test set-up in tunnel. (Noss slot was closed for these tests.}

on the efficiency of the cooling. For the static-thrust
condition, the propeller produces all the pressure differ-
ence. The most difficult cooling conditions are in teke-
off and climb. As an aid to the analysis of the cooling
problem under these conditions, it is desirable to con-
sider the pressures produced by the propeller and the
forward velocity.

If the distribution of the thrust is assumed to be uni-
form over the propeller disk area S and the rotation of
the slipstream is neglected, the total pressure in the air
stream behind the propeller is

T
HT=P0+Q+§

where p, and ¢ are measured in the undisturbed air.
The increase in total pressure due to the propeller is

given by

_T
H=3

If both sides are divided by Q,

H_ T
Pt
For a constant value of P,, cha.nges in thrust distri-
bution and  with blade-angle setting being neglected,
the average value of H/g gives the pressure produced
by the propeller in terms of the dynamic pressure of
the air stream. Because the pumping action of the
cowling is dependent on the pressures and the veloci-
ties in the propeller slipstream, the pressure increase
for the different conditions of propeller opera.tmn must
be known.
A few feet behind the propeller, the pressure increase
hasbeen almostcompletely converted into velocity. The
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static pressure in the region of the cowling exit is then
almost equsal to that of the free air stream. If a flap
is extended into the slipstream, the resultant increase
of velocity will cause a drop in the static pressure at
the exit: A suction at the exit will thereby be produced.

The pressure at the cowling entrance is approxi-
mately the dynamic pressure of the air stream, being
more or less than this value depending upon the shape
of the inner sections of the propeller. The over-all
pressure difference AP is then the difference between
the entrance and the exit pressures.
dent that, by proper design of the inner section of the
propeller and of the cowling exit, for the take-off and
the climb conditions, over-all pressure differences sev-
eral times the dynamic pressure of the air stream are
obtainable. .

The flow equation of the air th.rough the cowling,
given in reference 1, may be put in the following form:

AP/Ap=1+ (K/K,)* M

This equation specifies the ratio of engine to exit con-
ductance necessary to secure the desired cooling-pres-

It is thus evi-

sure drop Ap when AP is avallnble as over-all pressure .
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In reference 1, the pump efficiency of a cowling was
defined as the ratio of the useful cooling power to the
increased power required to propel the airplane,

Qap
~VaD
Alternately, this pump efficiency may be expressed in

terms of the net efficiency of the propeller, the engine
conductance, and the power disk-loading coefficient as

_KF (Ap/g)*?
SP, n—1

P

. APPARATUS AND TESTS

The investigation was conducted in tho NACA 20-
foot wind tunnel, which with its standard equipment is
described in reference 4. . The test sei-up was the same
as that used in reference 5. Figure 1 shows the general
arrangement of the set-up on the tunnel balance. The
nose slot was. closed for these tests. The skirt was
opened at the point shown in the line drawing of the
test arrangements (fig. 2)." The skirt for the 0° flap

~Adjustable T

o
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was made of a circular cylinder that could.be moved
axially to vary the exit area in order to cover the range
of cooling pressures for all conditions of flight. The 15°
and the 30° flaps were made of conical pieces of metal
with 6-inch chords. These flaps were tested in only one
position. The nacelle diameter was 52 inches.

A baffle plate, constructed as a shutter with four stops
and controlled from the balance house, simulated engine
conductances of 0, 0.039, 0.079, and 0.118. The pro-
peller was driven by a 150-horsepower, three-phase,
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F1oURE 3.—Blades of propellers used.

wound-rotor induction motor mounted in the nacelle.
The speed and the power output of the motor were con-
trolled by resistance in the rotor circuit. Pressures in-
side and outside the exit slof and across the engine baffle
were photographically recorded on a multiple-tube
manometer. _ '

The propellers used for this investigation are shown
in figure 8. Propeller C, with conventional round blade
shanks, is Bureau of Aeronautics drawing No. 5868-9;
propeller F, with airfoil sections extending closer to the
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hub,is Bureau of Aeronautics drawing No. 4893. Both
‘propellers are three-blade, adjustable propellers of 10-
foot diameter. Details of these propeller blades are
given in reference 5. All tests were made with a blade-
angle setting of 20° at 0.75 radius.

RESULTS

Table I presents a summary of the results obtained
with both propellers. The table is divided into four
sections representing conduectances of 0, 0.039, 0.079,
and 0.118. Each section is further diyided into columns
for values of 1/YP, of 0.5, 0.6, 1.0, and 1.6. Each of
these columns gives the pressure drop across the baffle
Ap and the rear pressure p, as fractions of the dynamic
pressure ¢; each column also gives the net efficiency.
The pump efficiency is given in the high-speed condi-
tion, 1/4/P,=1.6, for the 0° flap and is given in the
climb condition, 1/¥P,=1.0, for the 15° and the 30°
flaps. The pump efficiency is omitted for the other
slot openings and operating conditions because the
experimental accuracy did not justify such computa-
tions.

The drag coefficient with the propeller removed is

given in the last column. The drag values for open

exit slots were obtained in the following manner: The
basic drag values for the cowling with exit slot closed
at zero conductance were obtained by separate drag
tests. The basic drag was deducted from the drag
of the same cowling-propeller combination at zero power
to give the drag of the free-wheeling propeller. The
drag of the free-wheeling propeller was then dedueted
from the drag of the open-exit cowling-propeller com-
binations at zero power to obtain the values given
in table I.

Figures 4, 5, and 6 give. the pressure distributions
for the 0°, the 15° and the 80° flaps, respectively,
showing the effect of two values of engine conductance
and of propeller operating conditions.

The pressure drop for zero conductance is taken as
the available pressure difference AP. The value of
this available pressure difference as a fraction of the
dynamic pressure of the air stream is given in figure 7
a8 & funection of the flap angle for several disk loadings.

Figure 8 gives a graphical solution of the flow equa-
tion of the air through the cowling (equation (1)).
The experimental points for the 0° fiap and the high-
speed condition of 1 /13/176=1.6 are plotted on the graph,
where Kg=A;/F, for comparison with the theoretical
curve. Figure 9 presents similar results for the tests
of the 15° and the 30° flaps for the take-off condition,
1/YP,=0.5 and 0.6.

A comparison of the cooling-drag coefficient with the
pressure drop in the cruising condition is given in figure
10. The drag increase due to cooling was computed
from

AOD = (770— 7]:) P c%
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FI0URE 4.—Pressure distribution for the §° flap. OGpening, 34 inch; propeller C.

At 1/3¥P,=16 for » 10-foot propeller on a 52-inch
nacelle, this equation becomes

ACp=1.305(no— 1)
From the definition for pump efficiency,
&)
Vo VA
a4 ﬂp

The curve for 100-percent pump efficiency is included
for comparative purposes. The section below the base
line in the figure indicates the additional form drag for

the open nose over the closed streamline nose, as given

by unpublished data.
Figure 11 shows the distribution of total-pressure

increase behind propeller C, which has round blade"

shanks, for the different conditions of propeller opera-
tion. Figure 12 shows the streamlines around the front

of the cowling for high and low slipstream contractions, .
which correspond to the take-off condition and to the

highQSIiéed condition, respectively. Figures 11 and 12
were plotted from unpublished test data.

EFFECT OF FRONT OPENING ON THE AVAILABLE
e PRESSURE
A study of figure 11 shows that the increase in total
pressure behind propeller C varies considerably with
propeller operating condition and propeller radius.

| A blocking effect occurs over the inner two-tenths of

the propeller radius but, outside this radius, the total
pressure increases rapidly with radius, about 80 per-
cent of the maximum value realized being obtained at
£=0.3. Inasmuch as the maximum diamecter of the
front opening of the test arrangement, 2=0.29, is
located in the region of this steep pressure gradient, the
pressure obtained from the propeller slipstream is very
critical to small changes in the front opening. If more
cooling at low airspeed is the determining consideration,

it is advantageous to block off the hub and the inner

portions of the propeller with & spinner and to increase
the diameter of the cowling opening in order to utilize
the available front pressure.
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FIGURE 0.—Pressure distribution for the 30° flap. Propeller C.
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condition, 1/4/ Pym1.8,

For 1/¥P,=0.5, propeller C is 47 percent efficient,
giving an average increase in total pressure in the slip-
streem of 3.76 times the dynamic pressure in the main
air stream. (The average values of H/¢=T, corre-
sponding to the given values of 1/3/P, may be obtained
from reference 5.) Reference to table I for the oper-
ating condition of 1/¥P,=0.5.and K=0 shows that
the average front pressure obtained for propeller C is
1.25 times ‘the dynamic pressure of the main air
gtream, an increase in total pressure of 0.25¢ over the
dynamic pressure of the air stream. The average in-

~ F1eUuRz 9.—Graphical solution of the flow equation. The 15° and the 30°
flaps at the take-off condition,

crease in totel pressure in the slipstresm being 3.76¢,
only one-fifteenth of this average pressure increase is
seen to be available for front pressure on the test
set-up. _

The average front pressure obtained for propeller F
under conditions similar to those for propeller C is
2.67¢, or an increase in total pressure of 1.67¢ over the
dynamic pressure of the air stream. When air is flow-
ing through the cowling, the front pressure becomes
still greater. For the condition of 1/¥P,=0.5, the
pressure added by propeller C increased from 0.25¢
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for zero air flow to 1.33¢ for a conductance of 0.118
with the 30° flap; under the same conditions, the
pressure added by propeller F increased from 1.67¢
to 2.93¢. This large change in front pressure with
air flow at low speed is largely an effect of the change
in the effective diameter of the opening as a result of
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F1GTRE 10.—Variation of cooling-drag coeficlent with pressure drop at 1/-\’/ Pym1.86.

changing the streamlines in front of the cowling. If
the cowling opening were not located in such a critical
pressure region, the change in pressure with air flow
would be nearly negligible. For the high-speed con-
dition, 1/3/P, =1.6, the pressure remains approximately
constant with radius. ' :

The effect of larger propellers, say 17 feet in diameter,

on this same 52-inch nacelle is interesting. Propeller
diarheters of 10 and 17 feet on this nacelle represent
the maximum and the minimum ratios of F/S encoun-
tered in present-day design. With the 17-foot propeller
the maximum diameter of the front opening will have
a value of z of 0.17 as compared with 0.29 for the
10-foot propeller. It should be realized that, although
the available front pressure rapidly decreases for either
propeller with a decrease in size of the front opening,
the pressure decrease occurs at & smaller value of z
with propeller F' than with propeller C because of the
better blade sections. Although on the test set-up
propeller F produced much higher front pressure than
propeller C, this large difference in the increase in front
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Fi1cURE 11.—Distribution of pressure Increase. Propeller C; 6, 20°.

pressure would not exist for geometrically similar pro-
pellers 17 feet in diameter on the test nacelle. Both
propellers would probably give some blocking effect for
such an arrangement.

A point of further interest is the front pressure
available for ground operation. The manner in which
the available front pressure varies with the propeller
radius for ground operation is shown in figure 4 of
reference 6. For a front opening of z=0.29, correspond-
ing to the test arrangement, the available front-pressure

coefficient 2 ’>2<1;20 is equal to 0.25 for a blade-angle
n .
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setting of 20° for propeller C. For a value of 2=0.17,
corresponding to the larger propeller, the front pressure
coefficient is onty 0.01. In other words, the 17-foot
propeller would give essentially zero front pressure for
ground cooling. This result illustrates the desirability
of airfoil sections on the inner portion of the propeller.

EFFECT OF EXIT SLOT ON THE AVAILABLE PRESSURE

Two effects result from changing the area of the
exit slot of a smooth-contour exit design by means of
flaps: (1) The increase in the cowling-exit area in-

creases the conductance of the exit slot and, conse-

quently, the pressure drop across the engine; (2) the
change in the contour of the cowling in the region of
the exit changes the pressure distribution over the
cowling and thereby affects the over-all available pres-
sure. These two effects are separately illustrated by
the test results and will be separately discussed.

EFFECT OF CHANGING THE EXIT CONDUCTANCE

The effect of changing the exit conductance is illus-
trated by the tests on the 0° flap for various exit-slot
areas. Table I shows the ratio of the pressure behind
the baffle plate to the dynamic pressure of the air
stream p,/¢ to be nearly constant for il conditions of
the 0° flap at K=0, regardless of the slot opening or
the propeller operating condition. An examination of
the pressure distribution for the 0° flap with ¥-inch
exit slot (fig. 4) shows the same result for several con-
ditions of propeller operation. For K=0, the static
pressure at the slot was nearly zero for all conditions
of propeller operation, indicating that the total pres-
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sure added by the propeller has been almost entirely
converted into dynamic pressure in this region. Any
change in the cooling-pressure drop for the 0° flap
may therefore be attributed almost entirely to & change
in exit conductance. A small secondary change occurs
that is due to the change in front pressure.

The solution of the flow equation (equation (1))
given in figure 8 shows that, for large values of K/K,
(corresponding to small exit openings), the agreement .
of the points and the theoretical curve is very good;
but, for small values of K/K;, the experimental points
fall below the curve. The discrepancy is largely due
to the fact that As/F=Kj; is not a good measure of the
conductance for large exit openings. _

It may be repeated that the use of 43/F=K, in the
flow equation will give a first-approximation of the
change in cooling pressure drop with exit conductance.
If the test set-up is reproduced, a closer approxima-
tion may be obtained by fairing a curve through the
experimental points.

EFFECTS OF CHANGING THE COWLING CONTOUR AT THE EXIT SLOT

The effect of changing the cowling contour at the
exit slot is illustrated by the tests of the 15° and the
30° flaps. Table I, K=0, shows that p./¢ undergoes
a great change when the flap is extended into the
slipstream. This change in p,/¢ is evidently a result
of the deflection of the slipstream, which gives an
increase in the local velocity over the exit. This in-
crease 'in local velocity produces a negative pressure
behind the flap. The magnitude of p,/g is & funection
of the propeller loading, as is clearly shown by the
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(a) Take-off condition.

(b) High-speed condition.

FIGURE 12.—8treamlines around front of cowling. Propeller O.
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pressure distributions of figures 5 and 6. The decrease
in static pressure for K=0 and 1/¥P.=0.5 behind
propeller C is 2.25¢ for the 15° flap and 2.75¢ for the
30° flap; that is, the 15° flap produced & negative
pressure of 47 percent and the 30° flap produced a
negative pressure of 58 percent of the average dynamic
pressure in the slipstream, 4.76¢.

Examination of all the results for zero conductance
shows that approximately 55 percent of the average
total pressure in the slipstream is available as decreased
pressure at the exit slot with the 30° flap. Other un-
published measurements also show that approximately
the same decrease in static pressure mey be obtained
for the static condition, where the average dynamic
pressure in the slipstream is given by T/S.

Table I shows that the values of the negative pres-
sures for propeller F are somewhat larger than those
for propeller C. This increase in negative pressure for
propeller F is due to a change in the distribution of
the total-pressure inerease behind the propeller, which
concentrates more of the thrust over the inner sections
of the propeller. .

The effect of air flow through the slot for both the
15° and the 30° flaps is shown in figure 9. Although
the scatter of the test points is explained by the in-
ability accurately to determine K, the points above the
theoretical curve are due in part to the increase in
front pressure with air flow.

No data are available concerning the effect on the
pressure at the exit obtained by varying the propeller
diameter with respect to the nacelle diameter, but it is
believed that a study of the test results will give a good
indication of what pressures might be expected with
other ratios of propeller to nacelle diameter. For
example, consider the 17-foot geometricelly similar
propeller on the same nacelle. The exit slot in this
case is located at a value of z of 0.255. Inasmuch as
the flap produces & pressure drop equivalent to 55
percent of the dynamic pressure in the slipstream for
the case tested, it may be estimated that only 45 percent
of the 4.76¢, or 2.1¢, should be available as suction at
the exit with the 30° flap. Inasmuch as the exit slot
would be located in such 2 critical pressure region for
this test combination, opening the flaps might result in
a further increase in available pressure for cooling.

EFFICIENCY OF THE EXIT SLOT

For the high-speed flight condition, with a properly
designed exit slot, the drag increase caused by the
passage of the cooling air is approximately that asso-
ciated with 100-percent pumping efficiency (fig. 10).
The exit must fair smoothly into the nacelle and the
air leaving the exit slot must be in the same direction
and of approximately the same velocity as that in the
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outside air stream. If the air from the exit is not in
the same direction as that in the air stream, it will
cause an upset of the main air flow with a resultant
drag increase. Very low efficiencies usually indicate
improper exit conditions. The low efficiencies shown
in table I associated with the small exits, such as the
Y-inch slot, do not necessarily indicate poor exit-slot
designs but are probably due to inaccuracies in
measurements.

For the low-speed-flight condition, the pumping
efficiency is of secondary importance; the primary
requisite is large available pressure for cooling. It has
already been shown that the extended flap is a very
effective means of producing large available pressurs
differences.

The extended flap causes a break in the air flow,
which in turn causes the pumping efficiency to fall
below 100 percent. For the take-off condition, the
difference in net efficiency is too small to permit the
pump efficiency io be accurately computed. The
pumping efficiencies are included for the 15° and the
30° flaps at 1/{/P,=1.0, corresponding to the climb
condition. For K =0.118, the value of 5, falls from 0.76
for the 15° flap to 0.39 for the 30° flap for propeller
F and from 0.59 for the 15° flap to 0.32 for the 30°
flap for propeller C. Part of this large decrease in 7,
for the 30° flap is, of course, due to the disturbance of
the air flow, but a part of it is due to the fact that the
30° flap does not contraet the cooling air all the way to
the exit. This condition may be seen in figure 6, where
the maximum. velocity, that is, the lowest pressure, is
observed forward of the exit.

DESIGN COMPUTATIONS

It has been shown how the pressure available for
cooling with cowling flaps is dependent on the condi-
tions in the propeller slipstream; that is, how the total,
the static, and ths velocity pressures vary with the
propeller operating condition. In order to illustrate
the application of these results, two typical design com-
putations are given. Case 1 simulates the test set-up
and case 2 applies the results to a different ratio of
cowling diameter to propeller diameter corresponding
to & more modern design of engine-propeller installation.

The specifications for the two cases are given in
table II.

The cowling specifications must now be determined for
the various conditions of operation. The diameter is
taken as 52 inches for case 1 and as 60 inches for case 2.
The estimates for hoth cases are for propellers similar
to propeller C. A propeller with better airfoil sections
on the inner portion will produce greater pressure
differences.
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TABLE II
DATA FOR DESIGN COMPUTATIONS .

Engine: Case I Caae £
Power output, hp. oo e s 550 .. 2,000
Indicated power, hp...........- e smrmmmner e am——— - 650 2,300
Altitude rating, ft. oo e vmme e - 0-10,000  0-15,000
Take-0ff POWEE, BD . e e emnamarrr e~ emmae, 850 2,300
Ap required for cooling at rated power and altitude

IB/BQ It e e oot —————————— . 25 .40
Indicated power at one-half rated speed and minimnm .

blade-angle setting, hp. .. oo oo aaae . 100 310
Aprequired for cooling at one-halfrated spead and minimum

blade-angle setting, Ib/aq ftoc oo oo ome oo e L0 L2
Maximum englne dlameter, In. .o o oenn oo 52 80
Engine-baflle conduefance, K ... ..o o irincm i o (1] T 1

Alrplane:

Top speed at rated altitude, mph ... oeieieeres .20 ..800
. Dynamic pressure at top speed and rated altitude, Ibfsq ft. - 100 148
Crulsing speed, mph .. .cooo i e _200 _ 20
Best climbing speed, mph - .. oo e . . 110 . __ 145
Dynamie pressure for climbing speed at sea level, Ibfsq ft... 31 54

Propeller:

Type of CONLIOl - oo ei e e ccrmm e s rm e .. ®
Number of blades. .. .. ocoovnan R B 3
8pead at rated engine speed, rpm 1, 500 800
Diameter, ft......._... 10 17
Blede-angle setting at top speed and rated altitnde, deg.._.. 3214 3814
Blade-angle sctiing for full-power ciimb at best climbing

8pead, Q08 - - o oo oo e e - L2 .. 8.
Minimum blade-angle setting, e aoonomcceeccccareee 18 16
Power asborbed at one-half rated speed and minimam blade- i

angle setting, B oo eaea 50. 160

1 Constant speed,
Top speed.—The computation for the top-speed
condition is quite straightforward. - _
Case I Case?

AP(for APfg=1}, Ib/sq ft oo . L. 108 . 145

AP/AP. o eeeeeemr e emnmaen - .. 400 8.63

KiEv=~&Pjap—1.. ... R ream. LT L62

K=AyF ... . 0.0346 .0, 0025

Width of exit slot (M dlam. XAy F), M. oo - . K 136

Full-power climb.—For the full-power chmb APlq
must first be known. For case 1, this value is easily
obtained from figure 7 (b). For case 2, the estimate may
be made in the following manner:

In & climb at 145 miles per hour with 2000 horsepower
being absorbed by & 17-foot propeller, 1/3P, = 1.33,or
P, =.0.425. With an efficiency of 80 percent, T,=0.34;
that is, the increase in total pressure behind the pro-
peller is 0.34¢. For this combination, 45 percent of the
total pressure of the slipstream may be developed by
the 30° flap; 45 percent of 1.34-is 0,60. . Now, because

of the large propeller hub, an allowance must be made.

for blocking, end a front pressure of only 0.7¢ may be
. assumed. The over-all avaﬂable pressure difference
is thus 1.3¢.

Case ! C’au 2
YV Pyaeaenn e e e o e m . TL09 0 1.33.
AP/ e e e _ emem. . L7 1.3.
AP BB [ oo Y <
-9 /7Y 211 LT
J 4] ¢ I LO05 0.87
B oo e e e e e A == @ = m i e = m e 0,057 0,178
Width of exdt glof, In. e b3 256

Take-off—Probably the condition of greatest interest
is the take-off or immediately thereafter. Computa-
tions similar to the preceding ones.indicate that, for
case 1, satmfactory cooling is obtained with a 2%-inch
flap opening at 1/3/P, = 0.5 at an airspeed of 50 miles
perhour. The conditions for case 2 are more severe, &
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b%-inch opening being required for 1/¥P,=1.0 at
109 miles per hour. For this case, an efficiency of 72
percent and, because of the greater thrust coefficient,
& front pressure of 0.8¢ were assumed.

N Case 1 Cuse 8
Uv/Be ... 0.5 Lo .
AP e 420 1.87
AP, Ibjag fhee o e eeeees 273 48.8
APIAD <ot eem L1009 L18
KRS L 0.30 0.40
Ki.. ——— 0.20

Width Q! exit s]ot 1 TP : 854

Ground operation.—The cooling estimate for ground
operation is made for the static-thrust condition at one-
half engine speed and minimum blade-angle sctting.
A conservative estimate will be made by assuming the
front pressure to be zero. If the flap setting is the
same &S for the take-off condition, AP/Ap will also be

the same. _
Case £

Case [
Cr (statie) ... Q.13 0.136
H=TI8, 1bfsq Tt et crr s ——— 315 0.64
AP=—Pr, Ibf8q It e eeemnmrmcreee e mm e mm———— 338 20
P = S .10 L16
Ap produced, Ibfeq ft_ .- . 8.1 2.0
Ap required, 1b/sq ft..--normnma . 10 L2

Thus, the engine should be adequately cooled under
ordinary ground operating conditions.

CONCLUSIONS

1. The pressure available for cooling is shown to be
8 direct function of the thrust disk-loading coefficient
of the propeller.

2. The maximum suction obtained with a 30° cowl-
ing flap located in a region where the static pressure for
the 0° flap is equal to that of the free air stream is shown
to ba_equal to approximately one-half the average
total pressurec of the propeller slipstream, which is
given by the sum of the dynamic pressure and the
tlu'ust loading.

3. The total pressure in front of the co“hng is
critically dependent on the ratio of the front opening to
the propeller diameter for round-shank propeller C.
Propeller F, with airfoil sections closer ta the hub, gave
a higher total pressure in front of the cowling.

4. For the take-off condition with the 0° flap, pro-
peller C produced only one-half as much available
cooling pressure as propeller F.

'5. For this same operating condition with the 30°
flap, propeller C produced an available cooling pressure
three times as large as was obtained with the 0° flap
and propeller F produced a pressure dlﬁ'erence twice
that obtained with the 0° flap. - _

6. For the take-off "condition, the 30° flap, and a
conductance of 0.118, the pressure drop across the
the bafle plate with propeller C was 3.17 and with
propeller F was 4.85 times the dynamic pressure of
the air stream.

LaNGLEY MEMORIAL AERONAUTICAL LIABORATORY,
NaTtionan ApvisoRY COMMITTEE FOR AERONAUTICS,
Lanerey Frewp, Va., May 9, 1940.
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PRESSURE AVAILABLE FOR COOLING WITH COWLING FLAPS
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